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When solving the solar neutrino problem on the basis of the hypothesis of the existence of a new
interaction between electron neutrinos and nucleons, carried by a massless pseudoscalar boson, it be-
comes necessary to find the consequences of the short-term Brownian motion of neutrinos in the Sun.
Earlier, when calculating the rates of the observed processes, we conveyed these consequences by the
effective number of collisions of a neutrino with nucleons of the Sun and obtained good agreement with
experiments. In this paper, we analyze the conveyance of the consequences of the Brownian motion of
neutrinos in the Sun by the trial, geometric distribution of collisions. This distribution makes it possible
to obtain the ratio of fluxes of left- and right-handed neutrinos near the Earth’s surface and confirms
the acceptability of the method of the effective number of collisions of a neutrino with nucleons.
1. Introduction
Cardinal renewal of concepts describing this or that range of physical phenomena occurs
extremely rarely and is perceived by a significant part of the scientific community very painfully.
Apparently, it will be fair to believe that the first such renewal was carried out by Galileo
Galilei, when, on the basis of his experiments, he came out with a refutation of the Aristotle’s
2000 years opinion that heavy bodies fall faster, and met the rigid obstruction of the educated
circles.
Opening the international seminar on gauge theories (Moscow, June 1974, with the par-
ticipation of not yet award-winning Georgi Glashow), Academician Moisey Aleksandrovich
Markov said: ”You don’t even know how beautiful the theory of the aether as a carrier of
electromagnetism has been. And it has collapsed!”
These episodes from the history of physics testify that the wide popularity and even beauty
of the existing theory cannot serve as a guarantee of its replacement by a new, logically simple
model. The inevitable initial non-perception of a new model may, to a greater or lesser extent,
slow down its recognition, but cannot eliminate the scientific criteria for its reality.
Currently, the drama of a radical renewal of the principle of solving the solar neutrino
problem is being played out, which can lead, on the one hand, to the destruction of the concept
of neutrino oscillations [1] - [3], and on the other hand, to the acquisition of a new, enough
hidden fundamental interaction [4].
One of the characteristics of the oscillation model is that the state of the initial electron
neutrino, when moving from the production place in the Sun to an installation on Earth, has
constant energy and handedness and is a changing mixture of states of all kinds of neutrinos.
The concept of solar neutrino oscillations, despite its 50-year age and hundreds of publications
devoted to it, does not have a consequent, simply connected mathematical description of the
evolution of the neutrino state, including its production, motion, and interaction with matter.
To link the disparate parts of the mathematical description together, one uses judgments which
are rather verbal than based on the Lagrangian or any equation. It is significant that none of the
above-mentioned publications compares the results of theoretical and experimental rates of all
five observed processes with solar neutrinos. Under these conditions, a proof [5] appeared of the
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fact that the Mikheev-Smirnov-Wolfenstein mechanism, as a variant of the neutrino oscillation
concept, with the parameters given by the SNO and Super-Kamiokande collaborations, taking
into account the volume distribution of neutrino sources in the Sun, contradicts the results of
all four processes caused by charged currents of solar neutrinos.
The new interaction hypothesis [4] is based on the logic and methods of classical quantum
field theory. It leads to a change in the energy of the solar neutrino, allows a change in
handedness and leaves its kind unchanged. The hypothesis assumes the existence of a massless
pseudoscalar boson having a Yukawa coupling with electron neutrinos and nucleons, described
by the following Lagrangian
L = igνepsν¯eγ
5νeϕps + igNpsp¯γ
5pϕps − igNpsn¯γ
5nϕps, (1)
and not interacting with electrons at the tree level.
The masslessness of the pseudoscalar boson ensures its stability, the impossibility of any
decay.
We note three consequences of interaction (1).
1. Since the pseudoscalar current connects the left and right components of the Dirac
bispinor, then at each collision of an electron neutrino with a nucleon caused by the interaction
(1), the neutrino changes its handedness from left to right and vice versa. In the work [4], we
assumed that the fluxes of left- and right-handed solar neutrinos near the Earth’s surface are
approximately equal.
2. The total cross section of the elastic scattering of an electron neutrino with energy ω by
a nucleon at rest with mass M , given by the expression
σ =
(gνepsgNps)
2
16piM2
·
1
(1 + 2ω/M)
, (2)
can be considered to be independent of the solar neutrino energy ω, since ω ≤ 18.8 MeV [6].
3. At each collision of a neutrino with a nucleon of the Sun, its energy decreases. The
energy of the scattered neutrino ω′ can take evenly distributed values in the interval
ω
1 + 2ω/M
≤ ω′ ≤ ω. (3)
The task of accurately calculating the consequences of the short-term Brownian motion of
each solar neutrino from the moment of its production to its exit from the Sun, which is caused
by νeN -collisions described by the Lagrangian (1), is extremely difficult, if solvable at all. This
task has only one free parameter, namely the constant β ≡ gνepsgNps/4pi. It should take into
account the distribution of nucleons and neutrino sources over the volume of the Sun, given by
the standard solar model [6]. The main of the mentioned consequences is the distribution of
Pβ(n) over the number n of collisions of a neutrino with nucleons of the Sun.
In works [4] and [7], this distribution is considered to be independent of the neutrino energy
due to the relation (2), as well as to be independent of the neutrino source. There were given the
motives for replacing the unknown distribution Pβ(n) with the effective number of collisions,
which serves as the only free parameter of the theory and can be both integer n0, and non-
integer na (n0 < na < n0 + 1). The number n0 describes the final energy distribution of a
neutrino with a fixed initial energy.
In this work, we use, as a trial distribution of collisions of a neutrino with nucleons that
occurred from the moment of neutrino production to its exit from the Sun, the geometric
distribution well-known in mathematics
Pβ(n) = p(1− p)
n, n = 0, 1, 2, . . . , (4)
where p is a free parameter.
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The trial distribution (4) does not pretend to be a real distribution, but allows one to
logically obtain the ratio of the fluxes of left- and right-handed solar neutrinos near the Earth’s
surface and, which is significant, confirms the acceptability of the method of the effective
number of collisions of a neutrino with nucleons of the Sun used in works [4] and [7].
2. Geometric distribution of collisions of a neutrino with
nucleons of the Sun
The results of theoretical calculations of the rates of all observed processes with solar
neutrinos, based on the Lagrangian (1) and on the distribution (4), are in the best agreement
with the experimental results if p = 0.062.
The probability Wleft that a solar neutrino near the Earth’s surface is left-handed is the
probability that, while moving in the Sun, a neutrino has experienced an even number of
collisions with nucleons. It is equal
Wleft =
∞∑
k=0
Pβ(2k) =
∞∑
k=0
p(1− p)2k = (2− p)−1 = 0.516. (5)
The given value of the probability Wleft introduces a small correction to our initial assumption,
expressed in the work [4], about the approximate equality of the fluxes of left- and right-handed
solar neutrinos near the Earth’s surface. We have supplemented the calculations of the rates
of processes (subprocesses) caused by left-handed neutrinos, performed in the work [4], with
calculations with their fluxes 0.516Φ instead of 0.5Φ, and we present new theoretical results
below.
When calculating the rates of the observed processes, taking into account the distribution
of collisions of a neutrino with nucleons of the Sun (4), we, just as in the work [4], assume that
as a result of each collision, the neutrino energy with equal probability acquires one of two
boundary values of the interval (3) and thus after n collisions the initial energy level ω turns
into a set of n+ 1 binomially distributed values.
Let vA(n) denote the rate of the process (subprocess) A, which is caused by neutrinos with
an energy spectrum appearing after n collisions of each neutrino with solar nucleons due to the
interaction (1). Then the rate VA of the process (subprocess) A in a terrestrial installation,
generated by left-handed solar neutrinos, taking into account the geometric distribution of
collisions in the Sun (4), is found by the following formula
VA =
∞∑
k=0
Pβ(2k)vA(2k) =
∞∑
k=0
p(1− p)2kvA(2k). (6)
The formula (6) refers to all considered processes (subprocesses), except for the subprocess
of deuteron disintegration, caused by the exchange with a pseudoscalar boson ϕps between any
solar neutrinos and deuteron nucleons. The rate of this subprocess is given by the expression
VAϕ =
∞∑
n=0
Pβ(n)vAϕ(n) =
∞∑
n=0
p(1− p)nvAϕ(n). (7)
The following formula for the transitions νe+
37Cl→ e−+ 37Ar can serve as an example of
calculating the rate of the process A, caused by neutrinos from 8B decays,
V (37Cl | B) =
∞∑
k=0
p(1− p)2kΦ(8B)
160∑
i=1
∆Bp(ωBi )
2k+1∑
n=1
(2k)!
22k(n− 1)!(2k + 1− n)!
σCl(ωBn,i), (8)
where Φ(8B) is the total neutrino flux from 8B, 8B = 5.79× 106(1± 0.23) [8]; neutrino energy
values are given as the set ωBi = i∆
B , i = 1, . . . , 160, ∆B = 0.1 MeV, and their distribution
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given in cite 9 is expressed in terms of the probability p(ωBi ) that the neutrino has energy in
the interval(ωBi −∆
B/2, ωBi +∆
B/2); σCl(ω) is the cross section of the absorption process by
chlorine of neutrinos with energy ω [6]; ωBn,i is the neutrino energy acquired after n−1 collisions
with nucleons, at its initial value ωi.
The information needed to calculate the rates of other observed processes is available in
the work [4].
Tables 1-5 below show the results of calculating the velocities of all observed processes with
solar neutrinos based on the method of the effective number of neutrino-nucleon collisions n0
for two values of the probability Wleft that at the Earth’s surface the solar neutrino is left-
handed, and based on geometric distribution (4). Tables 3-4 show the dependence of the rates
of the processes on the lower value Ec of the reconstructed energy of the final electron.
Table 1. The rate of transitions 37Cl→ 37Ar in SNU.
8B 7Be 15O pep 13N hep Total
Experiment [10] 2.56 ± 0.16 ± 0.16
Wleft = 0.5, n0 = 11 1.97 0.43 0.17 0.11 0.04 0.01 2.72
Wleft = 0.516, n0 = 12 1.95 0.43 0.17 0.11 0.05 0.01 2.72
Eq. (4), p = 0.062 2.02 0.42 0.17 0.11 0.04 0.01 2.77
Table 2. The rate of transitions 71Ga→ 71Ge in SNU.
p-p 7Be 8B 15O 13N pep hep Total
Experiment [11] 62.9+6.0
−5.9
Experiment [12] 65.4+3.1
−3.0
+2.6
−2.8
Wleft = 0.5, n0 = 11 34.6 17.2 4.9 2.8 1.7 1.4 0.02 62.6
Wleft = 0.516, n0 = 12 35.7 17.7 4.9 2.9 1.7 1.4 0.02 64.4
Eq. (4), p = 0.062 35.6 17.6 5.0 2.8 1.7 1.4 0.02 64.2
Table 3. Effective fluxes of neutrinos Φνeeff (
8B) found from the process
νee
− → νee
− (Ec is given in MeV, and the fluxes are in units of 10
6 cm−2s−1).
References Ec Experimental Wleft = 0.5, Wleft = 0.516, Eq. (6),
results n0 = 11 n0 = 12 p = 0.062
SK III [13] 5.0 2.32 ± 0.04 ± 0.05 2.27 2.29 2.26
SNO I [14] 5.5 2.39+0.24
−0.23
+0.12
−0.12 2.19 2.20 2.17
SNO II [15] 6.0 2.35 ± 0.22 ± 0.15 2.10 2.10 2.09
SNO III [16] 6.5 1.77+0.24
−0.21
+0.09
−0.10 2.01 2.01 2.01
Table 4. Effective fluxes of neutrinos Φcceff (
8B) found from the process
νeD → e
−pp (Ec is given in MeV,and the fluxes are in units of 10
6 cm−2s−1).
References Ec Experimental Wleft = 0.5, Wleft = 0.516, Eq. (6),
results n0 = 11 n0 = 12 p = 0.062
SNO I [14] 5.5 1.76+0.06
−0.05
+0.09
−0.09 1.86 1.85 1.88
SNO II [15] 6.0 1.68+0.06
−0.06
+0.08
−0.09 1.77 1.74 1.80
SNO III [16] 6.5 1.67+0.05
−0.04
+0.07
−0.08 1.66 1.62 1.72
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Table 5. Effective fluxes of neutrinos Φnceff (
8B) found from the process
νeD → νenp (the fluxes are in units of 10
6 cm−2s−1).
Exchange Exchange Exchange Exchange Sum
by Z by Z by Z by ϕ
Wleft = 0.5 Wleft = 0.516 Eq. (6) all neutrinos
SNO I [14] 5.09+0.44
−0.43
+0.46
−0.43
SNO II [15] 4.94+0.21
−0.21
+0.38
−0.34
SNO III [16] 5.54+0.33
−0.31
+0.36
−0.34
n0 = 11 2.10 2.87 4.98
n0 = 12 2.11 2.85 4.96
Eq. (6)-(7) 2.13 2.80 4.92
Comparing the corresponding numbers in each of the tables, we come to the following
conclusion. The results of collisions of neutrinos with nucleons in the Sun caused by the
interaction (1), which were obtained on the basis of the method of the effective number of
collisions both with equal fluxes of left- and right-handed neutrinos near the Earth’s surface,
and with a slight superiority of the flux of left-handed neutrinos, and which were obtained
based on the geometric distribution of collisions, are close to each other and agree well with
the experimental results. The most wispy agreement with experiments is for the effective
number of collisions n0 = 12 with a fraction of left-handed neutrinos of 0.516.
In the works [4] and [7], we believed that when calculating the rates of various processes,
in principle, it would be necessary to replace the unknown exact distribution of collisions of a
neutrino with nucleons of the Sun with different values of the effective number of collisions n0,
but we used one and the same value of the number n0 for all processes, the acceptability of
which is confirmed by the results in our tables.
Note also that the geometric distribution (4) corresponds to the following average number
of collisions of a neutrino with nucleons in the Sun
n¯ =
∞∑
n=0
nPβ(n) = p
∞∑
n=0
n(1− p)n = p−1 = 16.1. (9)
3. Concluding remarks
The use of one integer when calculating the rates of all observed processes with solar
neutrinos, as an effective consequence of the Brownian motion of neutrinos in the Sun, caused
by the interaction (1), seems logically simpler than using any discrete distribution, even with
one free parameter. All the more surprising and satisfying is the fact that the geometric
distribution of collisions of neutrinos with nucleons in the Sun gives the same level of agreement
between theoretical and experimental results, which gives the method of effective number of
collisions. Omnes viae Romam ducunt.
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